ABSTRACT
INTRODUCTION
Karawang area has fertile soil so that it is suitable for agriculture area. Since a long time ago, this area has been well known as a rice-barn in Java Island. According to data from Agriculture Service for Food Crops of Karawang in year 2000, this area can produce 1.105.351 ton rice for 184.117 ha harvested area. The utilization of this regency with total area 1753.27 km 2 is 70% for agriculture; 2 % for industries such as chemicals, textiles, mechinary, electronic and pulp; 11% for settlement (937 people per km 2 ) and the rest is still as uncultivated area [1] .
Mostly, Karawang has flat land area with altitude 0-5 m and only a few areas are hilly land to 1200 m in the southern part. Karawang is bounded by Java Sea in the northern part and Subang regency in eastern part, which is also as an agriculture area. Lithological composition of rock in surface aquifer in Karawang is alluvial plain and river deposits, mainly consist of silt, sand, gravels and pable. The thickness of this aquifer is less than 56 m. Its stratigraphy is quartenary and it permeability is generally moderate to high with range between 2.24 m/day to 10 m/day [1, 2] .
Karawang is bordered by Bekasi regency in western part. The latter has developed rapidly as an industrial center since 20 years ago and its consequence, this area has become an urban area. The trend of increasing people density is also faced by Karawang regency due to the extent of industrial area. It is clearly signed by rapid growing in complex of houses and other facilities such as hospitals, freeway and petrol stations.
One important problem that may come up as a consequence of rapid developing city is increasing clean water demand. To supply the water for daily needs, mostly, the people take groundwater from dug wells and pump wells. Only a few people can use the facility of purified water because of less capacity in producing clean water or some obstacles in its distribution. Municipal of Karawang use Citarum River to produce purified water beside as irrigation water, brackish water ponds and electricity. Some industries take groundwater by pumping it in shallow and in deep aquifer with high capacity. Therefore, high growing of industries can cause over-exploitation of groundwater and finally, this can disturb the equilibrium of groundwater hydrostatics pressure. Moreover, recharge area as an input of groundwater might have been covered by high dense buildings or golf-course as commonly taken place in urban area.
According to chemical data from geology survey, shallow groundwater in some areas in northern part is indicated as rather brackish water because of seawater intrusion [2] . This effect will be more intensive in decreasing quality of groundwater and increasing areas contaminated by sea water if the equilibrium of input and output groundwater can not be kept well. Other indications of groundwater resources problem in Karawang are flood disaster occurred in every rainy season and lack of groundwater or river water supply either for domestic or irrigation purposes in dry season. Certainly, these cause decreasing harvested areas. H, local temperature controls the extent of fractionation effect of these isotopes in precipitation and provides the input function to trace groundwater recharge. Characterizing these isotope distributions in meteoric waters is essential in determining this input function. The local meteoric water line provides a baseline for groundwater [3] [4] [5] .
In this observation, a suite of 22 samples from shallow groundwater and 6 samples from Citarum River were collected during major dry seasons in year 2002. Local meteoric line was taken from Jakarta precipitation as presented by Wandowo [6] . The main objective of this observation is to identify the recharge area for shallow groundwater in Karawang and Citarum River crossing to Karawang city based on interpretation of oxygen-18 and deuterium in water.
EXPERIMENTAL SECTION

Material
The materials used were high pure CO 2 gas (99.9%) reference, liquid nitrogen, activated Zn granular, JAWS (Jakarta Water Standard), acetone p.a, high pure hydrogen gas (99.9%) reference.
Instruments
The equipments used were Isogas Sira 9 mass spectrometer, Isogas Isoprep-18 line, glass vacuum line, cryocool immersion cooler, furnace, digital thermometer, micropipette, pipette tips, Kjedhal glass tubes, electronic balance, 20-mL glass vials, rotary pump and manometer.
Procedure
Sampling methods
For determination of the isotope ratio of H in water, groundwater samples were collected from either dug wells or pump wells, which are had by local people. Citarum River samples streamed through three irrigation channels (West, North and Centre Tarum) were collected from beneath the air-surface interface. The 20 mL glass bottles were filled fully with water. Place the cap on the top of bottle while still out of contact with air and seal tightly. Always keep the water was not in contact with air until opened and ready for analysis in the laboratory of Hydrology -Center for the Application of Isotopes and Radiation Technology, National Nuclear Energy Agency. Sampling period was scheduled during major dry season of June, July and August in year 2002.
Analysis of
18
O/ 16 0 in water [7] In the laboratory, 18 O/ 16 O abundance ratios in water were determined by mass spectrometric analysis of CO 2 according to a method developed by EpsteinMayeda. Analysis was based on carbon dioxide released from 18 O isotopic exchange reaction between water samples and CO 2 gas reference. Amount of 2 mL water samples in vessel reaction, which have been evacuated, were streamed CO 2 gas and shake at 25 o C for overnight. Isotopically equilibration between water and CO 2 gas occurred as the following reaction:
This reaction was taken place in isoprep-18 line equipped by 24 vessel reaction and directly connected to SIRA-9 Isogas mass spectrometer. H in water samples was done on hydrogen gas obtained through high temperature reduction. Amount of 250 mg Zn metals were placed in Kjedhal tubes then 10 μL water samples were injected near to the surface of zinc batch. The tubes were immersed in liquid nitrogen to freeze-down the injected water and evacuated in a sufficiently low pressure to less than 10 -2 mbar. The tubes should be sealed properly. The seven prepared samples were burned in furnace at the temperature of 450 o C over 60 minutes. The reduction process between water and Zn metals occurred quantitatively as the following reaction:
The formed hydrogen gas through this reaction can be seen visually as a dark cloud stacking on Kjedhal tubes. It signed that the reaction above has completed. Let the tubes cooled in room temperature before injecting hydrogen gas in mass spectrometer. Two internal standards of water (JAWS) were also prepared as two mentioned procedures above for each [5, 10] Isotope ratio value was expressed with delta δ (delta) notation in per mill ( 
Measurements of isotope ratio value
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RESULT AND DISCUSSION
The shallow groundwater from Karawang and surface water from Citarum River sampled in this study were indicated in Fig 1, together with / 00 , respectively. The depleted values indicated that the water of Citarum River might originate from rainwater infiltrating in higher altitude areas [3] [4] [5] .
In contrast to groundwater, Citarum River samples had more depleted values in either δ Plotting δ 18 O versus δ 2 H from groundwater, Citarum River and local meteroic water was given at Fig  2. Local meteoric water was collected at different altitudes from Tongkol-Jakarta (10 m) to Tugu -Bogor (1020 m) as observed by Wandowo [6] . This figure clearly showed that the group of shallow groundwater samples rather lied separately with the group of Citarum River samples. It could be explained that both groups had different water origin. In hydrological cycle, the rainwater in higher altitudes had more depleted values in both δ 18 O and δ 2 H due to temperature effect that caused different isotopic fractionations [3] [4] [5] . Plotting δ / 00 , respectively. The depleted values indicated that the water of Citarum River might originate from rainwater infiltrating in higher altitude areas [3] [4] [5] . 18 O versus δ 2 H from groundwater, Citarum River and local meteroic water was given at Fig  2. Local meteoric water was collected at different altitudes from Tongkol-Jakarta (10 m) to Tugu -Bogor (1020 m) as observed by Wandowo [6] . This figure clearly showed that the group of shallow groundwater samples rather lied separately with the group of Citarum River samples. It could be explained that both groups had different water origin. In hydrological cycle, the rainwater in higher altitudes had more depleted values in both δ 18 O and δ 2 H due to temperature effect that caused different isotopic fractionations [3] [4] [5] . [6] . Fig 3 indicated O than that value of Citarum River. Its enriched value relative to both the average rainfall and Citarum River water performed that shallow groundwater sources in alluvial deposit in Karawang could dominantly derivate from direct rainwater infiltration.
As illustrated at Fig 3, the mean value of δ 18 O in Citarum River was similar to that value in rainwater from the elevation of 600 m, which had -6.71 0 / 00 [6] . It meant that Citarum River crossing to Karawang might originate from springs at elevation of 600 m. The variation of δ E. Ristin Pujiindiyati had more quite narrow range compared to groundwater. It was due to river water flow was faster than the rate of evaporation process and mixing with base flow of groundwater [5] . Shifting the scatter of isotopic composition of groundwater away from the meteoric water line defined that evaporation process might carry out, as clearly shown at O +13 for local meteoric water line (slope of 7.8) [6] . This slope shift was caused by highly evaporation in major of dry season during sampling period. As comparison, rainfall in Karawang in dry season of August 2000 was 8 mm (sampling date) whereas rainfall in major rainy season of February 2000 was 261 mm. The average humidity was 80% [1] . The slope of this groundwater slightly shifted from meteoric water line but the value was not less than 5, slope of strong evaporation area in arid regions [4] .
A mixing process between direct rainwater infiltration and evaporated water due to hot landscapes had influenced to its isotopic compositions in shallow groundwater of Karawang. This slope would shift closed to local meteoric water line if the little evidence of evaporation occurred as taken place in rainy seasons [4] . Evaporation also could occur from surface water during run off prior to infiltration, from the unsaturated zone itself or from the water table. Evaporation during run off and infiltration in arid landscape was generally associated with groundwater in alluvial aquifers along drainage network. For groundwater recharged by direct infiltration through the soil or sand, evaporation from unsaturated zone could occur.
